Tef production and productivity in Wag lasta is very low as compared to the national average due to many production constraints, including use of inappropriate agronomic practices and low yielder varieties. Therefore, an experiment was conducted to optimize seeding rate and ) and three inter row spacing's (15, 20, 25 cm) were laid out in a factorial RCBD with three replications. An additional plot of broad cast of tef seed with 25 kg/ha as a satellite control was included and making a total of 16 treatments.
INTRODUCTION
Teff [Eragrostistef (Zucc.) Trotter] is an allotetraploid (2n=4x=40) crop belonging to the grass family poaceae and it is among the major cereals of Ethiopia (Paff and Asseng, 2018) . It has the largest value in terms of both production and consumption in Ethiopia (Minten et al., 2013; Tesfay and Gebresamuel. 2016) .
Tef in Ethiopia stands first in area coverage and second in total annual production next to maize, and ranks the lowest yield compared with other cereals grown in Ethiopia (CSA, 2016; Assefa et al., 2017; Tesfahun, 2018) .
It is the major staple cereal crops and highly adapted to diverse agro-ecological zones including conditions marginal to the production of most of the other crops (Hailu and Seyfu, 2001) . It is used for making injera, which is a staple and popular food in the national diet of Ethiopian (Debebe, 2005) . When grown as a cereal, farmers highly value its straw as source of animals feed, especially during the dry season (Cheng et al., 2017) . Tef straw, besides being the most appreciated feed for cattle, it is also used to reinforce mud and plaster the walls of tukuls and local grain storage facilities called gottera (Ketema, 1997; Tesfahun, 2018) .
Similarly, tef is one of cereal crops, which is produced in many small holder farmers in Wag himra, North wollo as well as in Amhara region. Tef in Wag Himra Administration Zone and in north Wollo stands first in area coverage and second in total annual production next to sorghum. The average productivity of tef in Wag-himra and North Wollo is 8.25 qt/ha and 10.41 qt/ha respectively, while the national tef productivity is 15.6 qt /ha (CSA, 2016; Tesfay and Gebresamuel, 2016) .
In spite of its tremendous importance, tef production in the country as well as in the region particularly in Wag Lasta has faced immense production constraints affecting its yield potential. This is because of agronomic constraints that include lodging, low modern input utilization, and high post-harvest losses and sowing method, and also farmers are used low yielding local varieties, using of high seed rate and terminal moisture deficits are the major once (Tsegay et al., 2015; Wubante and Menzir, 2017) . Seed rate is the most important agronomic aspect which needs due attention. According to Amhara national state agricultural bureau Dryland crop production package (2015) has recommend 20 cm row spacing with 2-3 kg/ha seeding rate for tef production of throughout the region. According to Wubante and Menzir (2017) , when the plant density exceeds an optimum level, competition among plants for light above ground, water and nutrients below ground becomes severe. Consequently, plant growth slows down and the grain yield decreases. Melaku (2008) explains that there was significance difference increase in yield components of tef with decreasing seed rate from highest to lowest. On the other hand, the lodging percentage of the crop was increased by increasing the seed rate. It is, hence, necessary to determine the optimum density of plant population per unit area to obtain maximum yields (Tsegay et al., 2015) .
Most farmers practice the traditional sowing method of broad casting the seed at a rate of 25-30 kg ha -1 , which creates excess crop density and increases competition among plants for nutrients, water, sunlight and CO 2 . More over broadcasting methods requires additional seed rate compared to row sowing method thus increases cost of production (Cheng et al., 2017) . Furthermore, broadcasting results lodging; which is the main cause for low yield of tef due to high plant density. Row planting in tef is reported to have better yielding advantage over broadcast planting. To minimize the problem of lodging on tef, low seed rate, row planting, late sowing and application of plant growth regulators were used (Hundera et al., 2001; Tesfahunegn et al., 2015) . In the Amhara region in general and in wag lasta in particular farmers practice broad casting methods of sowing Hence, this research was initiated to optimize seeding rate and inter-row spacing of tef in the study areas of Wag-Lasta.
MATERIALS AND METHODS

Experimental design
The experiment was conducted on the black soils of Lalibela and Woleh testing sites of Sekota dryland agricultural research centre in Eastern Amhara region, Ethiopia during the main cropping seasons for two consecutive years (2013 and 2014) . Lalibela testing site has been characterized by an altitude ranging from 2200 to 2600 m.a.s.l, minimum and maximum temperatures of 12°C and 28.8°C and an average annual rainfall of 500 to 1000 mm with latitude of 12'N and 39.03 E', whereas Woleh testing site also characterized as an altitude of 2000 m.a.s.l, minimum and maximum temperatures of 14°C and 26°C and an average annual rainfall of 500 to 700 mm with latitude of 12.65'N' and with longitude of 39.03'E. The treatments considered of five seed rates (5, 10, 15, 20, 25 kg ha -1 ) and three row spaces (15, 20 and 25 cm) .
One additional plot of broadcast of tef seed at 25 kg ha-1 was considered as a standard check and making a total of sixteen treatments. The Randomized Complete Block Design factorial arrangement with three replications of plot size of 5m × 3m was used (Tsegay et al., 2015) . Blanket recommendations of Urea and DAP fertilizer (50 kg/ha and 100 kg/ha) were used as the source of N and P, respectively.
Cultivation conditions and data collection
The crop was sown at on sate of rain fall half of July when the field capacity of the soil is arrived. Application of urea was in two split, while the entire rate of phosphorus was applied at sowing in band. The experimental sites were prepared well. Each plot and block were separated by 0.50 m and 1.5 m, respectively. Tef variety Kuncho (Dz Cr-387) was used as a testing crop for the experiment. Important agronomic practices like land preparation and weeding were uniformly applied to all experimental plots as often as required (Tesfahunegn et al., 2015; Tesfay and Gebresamuel, 2016) . Plant height at maturity (cm), number of tillers and number of effective tillers per plant, lodging (%), grain and biomass yield (kg/ha) were collected as growth and yield parameters of tef, then finally purified and arranged for further analysis (Tesfahunegn et al., 2015; Tesfahun, 2018) .
Partial budget analysis
The partial budget analysis was calculated to compare gain and losses between one treatment and another (Abraha et al., 2017) .
It was done based on the following methodology prescribed by CIMMYT (1988) . It was considered the analysis of gross benefit (GB), total variable cost (TVC) and the net benefit (NB). 
Statistical analysis
The analysis of variance (ANOVA) was carried out following statistical procedures appropriate for the experimental design using statistical analysis system (SAS) program package version 9.0 (SAS, 2002) . Whenever treatment effects were significant at 0.01 or 0.05 level of significance, the means were separated by using the Duncan multiple range test (DMRT) procedures at 0.05 probability level of significance.
RESULTS AND DISCUSSION
Grain and biomass yield
Grain yield was significantly (P < 0.05) affected by different seeding rate and inter row spacing at Woleh in the year 2014.
The highest grain yield (1617 and 1705 kg/ha) was recorded from 20 cm inter row spacing and 15 kg/ha seeding rate respectively whereas the lowest grain yield (1293 kg/ha) was recorded from broad casting sowing methods with a seed rate of 25 kg/ha at Woleh (Table 1) . Similar result was reported by Getahun et al. (2018) , who found that higher grain yield was obtained from 20cm inter row spacing with 10 and 15 kg/ha seeding rates and lowest grain yield was recorded from broad casting sowing methods with 25 kg/ha seeding rates (Paff and Asseng, 2018) .
Whereas biomass yield and panicle length showed significance difference by seeding rates, but did not showed significance difference by inter row spacing's. The highest biomass yield (6844 kg/ha) was recorded from 25kg/ha seeding rates broad casting seeding methods, whereas the lowest biomass yield was recorded from 20cm inter row spacing's at Woleh location in 2014 cropping seasons while days to heading, days to maturity, number of tilers, number of effective tillers, plant height and lodging percentage didn't show any significant difference in both main effects of inter row spacing and seeding rates as well as their interactions at Woleh in 2014. The current result not in line with Bekalu and Arega (2016) who found that higher biomass yield was recorded from 5 kg/ha seeding rats than 10, 20 and 25 kg/ha seeding rates. who found that plant height, number of tillers and effective tilers and lodging percentage was affected by both the main effects of inter row spacing and its interaction with seeding rates and similarly, when the seed rate increases from 5 kg/ha to 25 kg/ha the lodging percentages also increases dramatically (Tesfahunegn et al., 2015) . 
Effects of seedling rate
The combined analysis of seeding rate by location for the year 2014 cropping season showed significance difference for the parameters of number of effective tillers, biomass yield and grain yield. The heights grain yield was recorded from 15kg/ha seeding rate (1741.5kg/ha), 20kg/ha seeding rate gave 1581.9 kg/ha and 10kg/ha seeding rate gave 1558 kg/ha with no significance difference between these treatments. The lowest grain yield was recorded from5kg/ha seeding rate (1405kg/ha) and broad casting sowing methods (1480kg/ha). Based on the combined analysis of 2014 cropping season of two location the heights biomass yield was recorded from broad casting sowing methods and the lowest biomass yield was recorded from 20kg/ha seeding rates.
The combined analysis of the main effect of inter row spacing by locations for the year 2014 cropping season did not show significantly different all the parameters except days to heading the lowest days to heading was recorded from 20cm inter row spacing. Even through, the treatments had no significance difference on grain yield the heights grain yield was recorded from 20cm inter row spacing (1620kg/ha) and the lowest grain yield was recorded from broad casting sowing methods.
The combined analysis of seeding rate by inter row spacing of tef for the year 2013 and 2014 cropping seasons showed significance difference (P<0.05) for the parameter of days to heading in case of main effect of inter row spacing at Lalibela (Table 5 ). The combined analysis for the year 2013 and 2014 cropping season at Lalibela did not show significance difference for the parameters of days to maturity, number of tillers, number of effective tillers, panicle length, plant height, lodging percentage, biomass yield and grain yield in case of main effect of inter row spacing, seeding rate and with their interactions (Tesfahunegn et al., 2015; Cheng et al., 2017) .
Partial budget analysis
In this experiment, the costs for the seed rate was considered as variable cost where as other costs were constant for each treatment (Table 6 ). In order to recommend the present finding in the study area, it was necessary to estimate the net benefit. Based on partial budget analysis independently an interaction of, 15kg
ha-1 seed rate with 20cm row spacing were the highest net benefit (44995) Ethiopian birr as compared to the treatment combination of maximum seed rate with that of broadcasting (40362.50) Ethiopian birr (Abraha et al., 2017) . 
Conclusion
In this study it was found that, seed rate and inter row spacing had significant effect on grain yield of tef at Woleh location in the year 2014 whereas, no significance difference on the grain yield of tef at Lalibela in 2013 and 2014 cropping seasons. The combined analysis of 2014 cropping season by location showed significance difference in case of seeding rates but, the combined analysis of the 2013 and 2014 cropping season at lalibela did not show significance effect in both seeding rate and inter row spacing as well as its interaction. Application of 15kg seed ha-1 with 20 cm gave the highest grain yield and maximum biological yield. It had a net benefit of 41233 Ethiopian birr ha-1 from grain yield. Thus, it is possible to recommend that, sowing of tef with the rate of 15 kg ha-1and 20cm inter row spacing is effective in attaining higher grain yield and economic benefit in the study area. 
